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Numerous studies have investigated risk factors for the development of postoperative 
infection in percutaneous nephrolithotomy (PCNL) patients. Herein, we describe our 
meta-analysis of the risk factors for the prediction of post-PCNL infectious complications. 
We searched electronic databases using a combination of the terms percutaneous neph-
rolithotomy, risk factors, infection, and sepsis. The primary outcome was post-PCNL 
infection as defined by fever >38°C or sepsis as defined by the Sepsis Consensus Defini-
tion Committee. Risk factors for infection in each study were identified and included for 
analysis if present in at least two studies. We used quantitative effect sizes in odds ratio 
to assess each endpoint. After application of criteria, 24 studies were found, of which 
12 were prospective and 12 were retrospective. Of the prospective studies, preoperative 
urine culture, renal pelvis culture, stone culture, number of access points, hydronephrosis, 
perioperative blood transfusion, and struvite stone composition were found to be signifi-
cantly associated with postoperative infection. Of the 12 retrospective studies, preopera-
tive urine culture, stone cultures, number of access points, blood transfusion, stone size, 
and staghorn formation were associated with infection. Preoperative urine culture, stone 
culture, number of access points, and need for blood transfusion were consistently found 
to be significant factors. This indicates that the presence of bacteria in the urine/stone 
preoperatively as well as the amount of trauma the kidney sustains during the procedure 
are major predictors of postoperative infection.
[Rev Urol. 2018;20(1):7–11 doi: 10.3909/riu0778]
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stone postoperatively, previous 
PCNL on the ipsilateral side, and 
the sex, body mass index (BMI), age, 
and diabetic status of the patient. 

Statistical Analysis and Bias 
Assessment
The reported univariable OR for 
each risk variable was pooled 
between studies. When the univari-
able OR was not reported, the OR 
and 95% CI were calculated from 
the actual number of patients in the 
groups with and without risk and 
the event rates in each group. The 
calculated risk estimation of indi-
vidual risk variables was then pooled 
into a combined analysis using ran-
dom effects models to determine 
overall risk profile. Heterogeneity 
between studies was incorporated 
into the random effects model 
through the DerSimonian and 
Laird method. Heterogeneity was 
measured by Cochrane’s Q statis-
tic and I2 score, and was considered 
significant if P  .05 (Q-statistic) 
or I2 30% (I2 score). Publication 
bias was assessed visually by fun-
nel plots of effect estimates and 
by use of Egger’s test; this bias was 
considered significant if P  .05. 
Statistical analysis was performed 
with Stata with two-tailed P  .05 
considered significant.

Results
The search strategy ultimately 
yielded 28 articles. However, four 
articles were removed due to a non-
standard prophylactic antibiotic reg-
imen. The remaining 24 articles were 
further subgrouped into prospective 
and retrospective study groups. 

Prospective Studies
A total of 12 prospective studies with 
a total patient population of 1348 were 
included. Of these studies, the pri-
mary outcome in seven studies was 
systemic inflammatory response 
syndrome (SIRS), whereas five 

102 studies resulted. Criteria for 
inclusion in this study included full-
length original articles published in 
a peer reviewed journal; study pop-
ulation consisting of adults (18 y); 
clearly identified comparison 
groups; the use of prophylactic 
antibiotic at time of anesthesia 
induction; treatment of patients 
with positive preoperative urine 
culture results until a negative 
culture result was obtained; stud-
ies reporting quantitative effect 
sizes in odds ratio (OR) with 95% 
CI relating to primary outcome or 
studies reporting actual numbers of 
the patients with and without risk; 
and the event rates in each group 
that could be used for calculation of 
OR. After application of these crite-
ria, 24 studies met them, of which 
12 were prospective and 12 were 
retrospective. The primary out-
come was the development of post-
PCNL infection as defined as fever 
with body temperature of 38°C 
or sepsis as defined by the Sepsis 
Consensus Definition Committee 
with two or more of the following 
conditions: (1) temperature 36°C 
or temperature 38°C, (2) heart 
rate 100 beats/min, (3) respiratory 
rate 20 breaths/min, and (4) leu-
kocyte count 12,000 leukocytes/
mL or <4000 leukocytes/mL.11

Study Characteristics
Data were extracted independently 
by one reviewer. Risk factors for 
infection in each study were iden-
tified and included for analysis 
if present in at least two studies. 
Factors identified include preop-
erative urine culture, intraopera-
tive renal pelvic urine culture, stone 
culture, presence of preoperative 
hydronephrosis, the number of 
access points made during the pro-
cedure, the need for perioperative 
or postoperative blood transfu-
sion, struvite stones, staghorn stone 
configuration, stone size, duration 
of procedure, presence of residual 

Percutaneous nephrolithotomy 
(PCNL) is a minimally inva-
sive procedure designed to 

remove large-volume upper urinary 
tract stones. It is extremely effec-
tive yielding high stone-free rates.1 
However, significant complications 
can occur, including infection. In 
PCNL patients, postoperative sep-
sis has been reported in 0.3% to 
7.6% of cases.2-4 Antibiotic pro-
phylaxis has been recommended 
for patients subjected to PCNL to 
avoid infectious complications, as 
profiled in an American Urological 
Association (AUA) Best Practice 
Policy Statement.5 However, 
despite the use of antibiotics, sep-
sis remains the most common 
cause of perioperative mortality 
in these procedures.2,6 There have 
been numerous studies investi-
gating potential risk factors for 
the development of postoperative 
infection in PCNL patients. From 
the studies, important periopera-
tive factors, such as preoperative 
urine culture, and intraoperative 
stone and collecting system urine 
cultures, have been identified as 
predictors of infection.7-9 However, 
to our knowledge, there has not 
been a systematic meta-analysis 
assessing the findings from these 
studies. Herein, we describe our 
meta-analysis of the risk factors for 
the prediction of post-PCNL infec-
tious complications. 

Methods
Literature Search and Article 
Selection
This study was performed accord-
ing to the criteria as listed in “Meta-
analysis of Observational Studies 
in Epidemiology.”10 The electronic 
databases PubMed, Scopus, and 
Ovid were searched using a com-
bination of the medical subject 
heading terms percutaneous neph-
rolithotomy, risk factors, infection, 
and sepsis. From these searches, 
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pelvic urine culture, and stone 
culture have been indicated in lit-
erature as significant risk factors 
for infection.9,12 Furthermore, sev-
eral studies have concluded that 
intraoperative cultures are more 
important in predicting postop-
erative infection compared with 
preoperative culture.8,12,13 These 
conclusions were supported by our 
meta-analysis of prospective stud-
ies, as all three factors were found 
to be significant. In addition, intra-
operative renal pelvis and stone 
culture results were the strongest 
predictors of postoperative infec-
tion. In the retrospective analysis, 
both preoperative and stone cul-
tures were significant; however, 
renal pelvis culture was not. This is 
likely due to the low number of ret-
rospective studies (2) that included 
this factor. 

Heterogeneity was significant for 
preoperative urine and intraopera-
tive stone culture in the prospective 
studies. This was most likely due to 
the results of the study by Kumar 
and colleagues,14 which had a sig-
nificantly higher effect size than 
the other studies. Without this 
study, the I2 would have changed 
to 18.8% and 30% from 77.7% and 
70.8%, respectively.

Perioperative factors, including 
blood transfusion and number of 
access points, were found to be sig-
nificantly associated with infection 
in both the prospective and retro-
spective meta-analyses. Obtaining 
percutaneous access involves trau-
matic disruption of the urothelial 
lining potentially introducing bac-
teria/endotoxins into the blood-
stream.15 More access points and 
requirement of blood transfusion 
could also be indications of an 
escalation of procedure complexity. 

characteristics were found to be 
significantly associated with infec-
tion, such as stone size (0.304, 95%  
CI, 0.12-0.48; P = .001), staghorn 
stone configuration (ES 1.88, 95% 
CI, 1.1-3.07; P = .011), and residual 
stone. Overall, stone culture had 
the largest effect size. Significant 
heterogeneity was present for 
stone culture (I2 =74; P = .002), 
transfusion (I2 = 55.5%; P = .047), 
number of access points (I2 = 
76.9%; P = .002), and duration of 
procedure (I2 = 78.5%; P < .0001). 
For factors found to be significantly 
associated with postoperative infec-
tion, no publication bias was found 
through use of Egger’s test.

Discussion 
For patients with large renal stone 
burden, PCNL remains the pro-
cedure of choice. However the 
occurrence of complications is 
significant and ranges at a rate of 
18.30% to 83%.1,4 Of these com-
plications, infection remains a 
seminal event as sepsis is the lead-
ing cause of perioperative mortal-
ity.2,6 With sepsis established as an 
important complication of PCNL, 
focus has shifted to trying to pre-
dict its occurrence based on risk 

factors. There have been numerous 
studies investigating potential risk 
factors for the development of post-
operative infectious complications 
in PCNL patients.

Urine cultures were the most 
common factors included in the 
reviewed studies. Preoperative 
urine culture, intraoperative renal 

studies used fever as the endpoint. 
Positive culture results were found 
to be significantly associated with 
postoperative infection, especially 
preoperative urine culture (effect 
size [ES] 2.14, 95% CI, 1.09-4.19;  
P = .026), intraoperative renal 
pelvis culture (ES 8.27, 95% CI, 
3.03-16.98; P = .0001), and stone 
culture (ES 5.68, 95% CI, 2.66-
11.85; P = .0001). Hydronephrosis 
(ES 0.38, 95% CI, 0.21-0.67; P = 
.001), number of access points 
(ES 3.61, 95% CI, 1.47-8.87;  
P = .005), perioperative blood trans-
fusion (ES 2.25, 995% CI, 1.22-4.13; 
P = .009) and struvite stone com-
position (ES 3.33, 95% CI, 1.82-6.13;  
P = .0001) were also found to be 
significant. Of the significant fac-
tors, intraoperative renal pelvis 
urine culture was found to have the 
largest effect size. Heterogeneity was 
significant for preoperative urine  
(I2 = 52%; P = .052) and stone 
culture (I2 = 74.6%; P < .0001). For 
factors found to be significantly 
associated with postoperative infec-
tion, no publication bias was found 
through use of Egger’s test. 

Retrospective Studies
Twelve retrospective studies with 
a patient population of 3183 were 
included. Of these studies, the pri-
mary outcome of seven studies was 
SIRS, whereas it was fever in five. 
Preoperative urine culture (ES 2.03, 
95% CI, 1.56-2.66; P = .0001) and 
stone cultures (ES 3.98, 95% CI, 1.97-
8.08; P =.0001) were found to be 
significantly associated with infec-
tion; however, intraoperative renal 
pelvis urine culture (P =.194) was 

not. Blood transfusion and number 
of access points, duration of pro-
cedure, and diabetic status of the 
patient were also significant. Stone 

Perioperative factors, including blood transfusion and number of 
access points, were found to be significantly associated with infec-
tion in both the prospective and retrospective meta-analyses.

Preoperative urine culture, intraoperative renal pelvic urine culture,  
and stone culture have been indicated in literature as significant 
risk factors for infection.
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Preoperative hydronephrosis has 
also been investigated as a factor of 

infection, although there is a lack 
of consensus as to its significance. 
Previous studies have theorized 
that preoperative hydronephro-
sis is associated with risk factors 
of infection, including large stone 
burden.14 Although hydronephro-
sis was found to be a significant 
factor in the prospective studies, 
the overall effect size was low at 
0.382. This significance was likely 
driven by one study by Kumar and 
colleagues14 that contributed 51% of 
the total weight. This study was the 
only one, irrespective of retrospec-
tive/prospective design, to show 
significance. This suggests that 
hydronephrosis is either not signif-
icantly associated with infection or 
that the resolution of obstruction 
with PCNL is a vital event in pre-
venting infection. 

There are several limitations to 
this meta-analysis. Heterogeneity 
in study design limits the signifi-
cance of these results. Although 
studies were separated into pro-
spective and retrospective designs, 
there were many technical aspects 
that varied between studies. 
Foremost is the use of SIRS ver-
sus fever in defining postoperative 
infection. Fever in a postoperative 
setting could be due to pulmonary 
reasons or other various factors 
not directly associated with PCNL. 
Therefore, false positive diagnosis 

of PCNL-related infection in these 
studies could have led to an overes-
timation of a factor’s significance. 
Another important variable was 
the type of prophylactic antibiotic 

to be significant. Although BMI 
is often thought of as a risk factor 

for postoperative complications, 
the minimally invasive nature of 
PCNL may be a safeguard against 
this development. 

Stone composition and charac-
teristics were largely not significant 
in the prospective studies. Only 
struvite stone composition was 
found to be associated with post-
operative infection. As the prod-
uct of bacterial infection, struvite 
stones have been shown to harbor 
significant amounts of endotoxin. 
Stone manipulation can potentially 
cause release of these endotoxins 
promoting sepsis.19 Of interest is 
that staghorn stone formation was 
not significantly associated with 
infection. This may be due to such 
stones now predominantly being 
composed of hydroxyapatite and 
not struvite.20 However, in the ret-
rospective study analysis, stone size 
and staghorn stone configuration, 
and not struvite stone composi-
tion, were significantly associated 
with infection. By definition,  

staghorn calculi are of larger size; 
thus these two factors are often 
linked. Larger and increasingly 
complex stone configurations often 
require additional access points, 
which is a factor significantly asso-
ciated with postoperative infection 

in both our prospective and retro-
spective analyses. Increasing stone 
size could also lead to a higher 
amount of endotoxin, although this 
mainly pertains to struvite stones. 

This could involve increased stone 
complexity or size, which are fac-
tors potentially associated with 
postoperative infection. Another 
indication of procedure complexity 
is duration of procedure, which was 
found to be significant in the retro-
spective but not in the prospective 
analysis. 

Patient demographic factors were 
overall not associated with postop-
erative infection. Age, BMI, diabe-
tes status, and sex were not found 
to be significant in our analysis of 
prospective studies. In the retro-
spective analysis, only diabetes was 
found to be significant. Of note, of 
the three studies that included dia-
betes, only one found it to be sig-
nificant.16 The immune impairing 
effects of diabetes are well known, 
which can certainly be a predis-
position to post-PCNL infection. 
However, a more informative factor 
would be serum glucose or hemo-
globin A1c  levels, as poor glucose 
control may be more of a contribut-
ing factor to infection than the diag-
nosis of diabetes itself. Although 
there are no studies on optimal glu-
cose levels for PCNL procedures, 
guidelines for sepsis care report a 
target glucose level of ≤180 mg/dL 

for ideal management.17 Previous 
studies have shown that sex is a risk 
factor for infection.14,18 These stud-
ies specifically identified women to 
be more prone to infection, espe-
cially during ureteral catheteriza-
tion due to poor genital hygiene, 
cystoceles requiring a pessary, and 
atrophic vaginitis. However, of 
the studies investigated, only one 
identified sex as a significant risk 
factor. With proper preoperative 
prepping, these factors associated 
with ureteral catheterization are 
assumed to be minimal. No studies 
in either the retrospective or pro-
spective analyses found age or BMI 

Previous studies have shown that sex is a risk factor for infection

No studies in either the retrospective or prospective analyses 
found age or BMI to be significant.

Larger and increasingly complex stone configurations often 
require additional access points, which is a factor significantly 
associated with postoperative infection… 
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preoperatively, as well as the amount 
of trauma the kidney sustains dur-
ing the procedure, are predictors of 
postoperative infection. We believe 
that this is the first meta-analysis to 
identify these risk factors. 
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Conclusions
Several factors were found to be sig-
nificantly associated with postop-
erative infection after PCNL. In 
both prospective and retrospective 
studies, preoperative urine culture, 
stone culture, number of access 
points, and need for blood transfu-
sion were found to be significant 
factors. This indicates that the pres-
ence of bacteria in the urine/stone 

Main Points 

• Percutaneous nephrolithotomy (PCNL) is a minimally invasive procedure designed to remove large-volume 
upper urinary tract stones. It is extremely effective yielding high stone-free rates; however, significant 
complications can occur, including infection. 

• Perioperative factors, such as preoperative urine culture, and intraoperative stone and collecting system urine 
cultures, have been identified as predictors of infection. Intraoperative renal pelvis and stone culture results 
were the strongest predictors of postoperative infection.

• Perioperative factors, including blood transfusion and number of access points, were found to be significantly 
associated with infection in both the prospective and retrospective meta-analyses. 

• Previous studies have shown that staghorn formation is a risk factor for infection. However, in our analysis, 
this was only true in retrospective studies. This may be due to stones now predominantly being composed of 
hydroxyapatite and not struvite.
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